Abstract-Few prospective studies have examined associations between major cardiovascular risk factors and occurrence of abdominal aortic aneurysm; findings from cross-sectional studies are inconsistent. This long-term population-based study assessed relationships of major risk factors in middle-age to clinical nonfatal plus fatal abdominal aortic aneurysm in older-age in the Chicago Heart Association Detection Project in Industry cohort-10 574 men and 8700 women baseline ages 40 to 64 years screened for risk factors in 1967-1973 Key Words: abdominal aortic aneurysm Ⅲ risk factors Ⅲ prospective studies Ⅲ blood pressure Ⅲ cholesterol Ⅲ smoking C linical aortic aneurysm is an important cardiovascular disease in older people. Preclinical aneurysm development is insidious; co-morbidity complicates treatment of aneurysm whether it is discovered incidentally, by deliberate screening, or following an acute rupture. 1 Therefore prevention of this condition, via risk factor identification and treatment, is a pertinent clinical issue for older population strata. Much of the understanding of possibly modifiable risk for this disease of later life is derived from cross-sectional screening surveys and clinical series. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] These studies have typically shown associations of such cardiovascular disease (CVD) risk factors as male gender, older age, and smoking with prevalent abdominal aortic aneurysm (AAA) and aneurysm progression. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Findings have been inconsistent, however, for hypertension, 6,9,12 serum cholesterol, 3, 6, 8, 10 diabetes, 3,4,9 and such other possible risk factors as body habitus 3,9,13 and race. 3, 4 There are relatively few prospective population studies on relationships of CVD risk factors to AAA, and these have been limited by paucity of risk factor data, short duration of follow-up, small number of cases leading to inclusion of all types of aortic aneurysms regardless of site. 14 -19 This report is from a long-term large population-based study on relationships of major modifiable CVD risk factors, measured in middle-aged employed persons, to CVD incidence and mortality in later life. It assesses prospectively relationships of risk factors to clinically identified nonfatal plus fatal AAA.
C linical aortic aneurysm is an important cardiovascular disease in older people. Preclinical aneurysm development is insidious; co-morbidity complicates treatment of aneurysm whether it is discovered incidentally, by deliberate screening, or following an acute rupture. 1 Therefore prevention of this condition, via risk factor identification and treatment, is a pertinent clinical issue for older population strata. Much of the understanding of possibly modifiable risk for this disease of later life is derived from cross-sectional screening surveys and clinical series. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] These studies have typically shown associations of such cardiovascular disease (CVD) risk factors as male gender, older age, and smoking with prevalent abdominal aortic aneurysm (AAA) and aneurysm progression. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Findings have been inconsistent, however, for hypertension, 6, 9, 12 serum cholesterol, 3, 6, 8, 10 diabetes, 3, 4, 9 and such other possible risk factors as body habitus 3, 9, 13 and race. 3, 4 There are relatively few prospective population studies on relationships of CVD risk factors to AAA, and these have been limited by paucity of risk factor data, short duration of follow-up, small number of cases leading to inclusion of all types of aortic aneurysms regardless of site. 14 -19 This report is from a long-term large population-based study on relationships of major modifiable CVD risk factors, measured in middle-aged employed persons, to CVD incidence and mortality in later life. It assesses prospectively relationships of risk factors to clinically identified nonfatal plus fatal AAA.
Methods

Study Population
The Chicago Heart Association (CHA) cohort consists of nearly 40 000 employed men and women screened for major cardiovascular risk factors from late 1967 to early 1973 at 84 work sites. Potential risk factors were determined by self-administered questionnaire for age, ethnicity, education, cigarette smoking, history of coronary heart disease (CHD), diagnosed diabetes, and high blood pressure. Standardized procedures were used to obtain height, weight, a single supine blood pressure, and a resting ECG. Major and minor ECG abnormalities were coded by Pooling Project criteria. 20 Blood was drawn to determine serum cholesterol and plasma glucose, measured 1 hour after a nonfasting 50-g oral glucose load. Participant recruitment and examination protocols have been described. 21 This analysis is based on 10 661 men and 8817 women, ages 40 to 64 at baseline, who could have reached at least age 65 in the year 2000. After exclusion of participants with incomplete baseline data, 10 574 men and 8700 women remained for analysis. Participants were excluded for missing values as follows: nϭ87 cholesterol, nϭ12 blood pressure, nϭ6 BMI, nϭ47 education, nϭ8 smoking, and nϭ44 diabetes history. As reported, the time interval for blood drawing affected blood glucose values. 22 Therefore, in analyses on plasma glucose and AAA, 1000 women and 1031 men were excluded from whom blood had been taken without a recorded time or for whom more than 65 minutes had passed between oral glucose load and blood drawing.
Follow-Up and Case Ascertainment
Follow-up averaged 30 years. For the entire cohort, the National Death Index was searched periodically for vital status. For all decedents through 1992, death certificates were obtained from states and coded for up to 5 causes of death according to the International Classification of Diseases, 8th Revision (ICD-8). 23 For all decedents between 1993 and 2000, information was obtained from the National Death Index-Plus (NDI). NDI provided up to 15 causes of death coded according to the 9th (ICD-9) and 10th (ICD-10) revisions of the International Classification of Diseases. [22] [23] [24] Health Care Financing Administration (HCFA) tapes for Medicare Part A (inpatient) and Part B (outpatient) were obtained for eligible participants for the years 1984 -2000. The tapes contain a record of each Medicare reimbursable medical encounter, including date of service and between 5 and 9 billing codes, based on the International Classification of Diseases, 9th Revision (ICD-9). 24 AAA was defined as the first chronological occurrence of any mention of ICD-8 code 441.2, ICD-9 codes 441.3 or 441.4, or ICD-10 codes 171.3 or 171.4 on a death certificate, NDI record, or a Medicare billing record. 25, 26 Death certificates, NDI, and Medicare encounter records were searched for other CVD, including coronary, peripheral arterial, and cerebrovascular diseases, and for diagnoses of diabetes and chronic obstructive pulmonary disease (COPD). COPD was included because of its association with smoking and its putative association with a generalized defect in collagen-elastin synthesis. 27 
Statistical Analyses
Crude and age-adjusted rates of AAA were computed per 10 000 person-years of follow-up for each gender separately. Persons with AAA were compared with all other participants for baseline characteristics including age, education, race, serum total cholesterol, current or past smoking, cigarettes smoked per day by current smokers, systolic blood pressure (SBP), diastolic blood pressure (DBP), pulse pressure, The Sixth Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC-VI) BP stratification, 28 history of treated hypertension, major and minor ECG abnormalities, height, weight, body mass index (BMI, in kg/m 2 ), history of diabetes, and 1-hour post-load plasma glucose for nondiabetics. To assess relationships of baseline variables to occurrence of AAA, both continuous and categoric analyses were done. For example, in categoric analyses serum cholesterol was stratified Ͻ200, 200 to 239, Ն240 mg/dL. In continuous analyses, age-and multivariate-adjusted relative risks were first computed for each gender separately using Cox multivariate proportional hazards models. 29 The Schoenfeld residuals method was used to assess whether continuous data met the assumption of proportional hazards. 30 In final Cox multivariate models, the impact of major risk factors considered together-with each adjusted for all others-was assessed for men and women combined, with control for gender. Several multivariate models were computed, to assess separately the independent relationship of each blood pressure variable to AAA occurrence; also to consider separately the smoking variables, expressed either as current smoker versus never smoker and ex-smoker versus never smoker, or as cigarettes/d for current smokers, without and with ex-smoker versus never smoker in the model. Deliberately, 2 highly correlated variables (eg, systolic and diastolic pressure) were not included in any of the multivariate models given the well-known distortions of coefficients their inclusion can produce. The several multivariate models also served to evaluate robustness of risk factor-AAA relationships. Significance levels were calculated for 2-tailed tests.
Results
Baseline Characteristics
For all persons, mean age at screening was 50.5 years (Table  1) . Mean serum cholesterol was above optimal for men and women, 8 mg/dL higher for women than men. For men and women, mean SBP and DBP were above optimal. Only 5% of men and 11% of women had optimal SBP/DBP (Յ120/Յ80 and no antihypertensive drug use); the majority had hypertensive levels. About 18% of men and women had an ECG abnormality.
Frequency of Aortic Aneurysm by Type, Data Source, and Gender
During an average follow-up of 30 years, aortic aneurysms were reported for 420 of the 10 574 men and 171 of the 8700 women ( Table 2 ). AAA was the most common aneurysm found, accounting for a majority of cases-309 men and 109 women. Most individuals with AAA-265 men and 95 women-were identified from Medicare records only. AAA was the underlying cause of death for only 29 men and 13 women; multiple-cause coding of death certificates was the sole means of case identification for only 25 men and 8 women.
Frequency of Coexisting Morbidity
For men and women with AAA, comorbid diseases were commonly identified during follow-up, in a significantly higher proportion than for those without AAA (Table 3) . This was consistently the finding for the other cardiovascular diseases, eg, 66% of men and 71% of women with AAA had CHD diagnoses, compared with 40% of men and 30% of women without AAA. Also, chronic obstructive pulmonary disease was reported more commonly in men and women with than without AAA.
Relationship of Single CVD Risk Factors Considered Separately to AAA
For 3 continuous major risk factors considered separately (DBP, serum cholesterol, cigarette smoking), findings with the Schoenfeld residuals method were consistent with the proportional hazards assumption of Cox analyses; exceptions were SBP and pulse pressure.
Age was strongly associated with occurrence of AAA: for persons older by 5 years at baseline, hazard ratio was 1.50 for men and 1.62 for women (Table 4) . In categoric analyses, rate per 10 000 person-years was nearly 5-fold higher for men ages 60 to 64 than for men ages 40 to 44 at baseline, and over 7-fold greater for older women compared with younger women (tabular data not shown). Age-adjusted relative risk for men compared with women was 3.05 (PϽ0.001).
A history of antihypertensive drug treatment in middle age was significantly related to risk of AAA in older age for men, women, and both genders combined-hazard ratios (HRs) 1.56, 1.91, and 1.69 (Table 4) . For DBP, SBP, and across the JNC-VI BP strata, there was for men and for the 2 genders combined a significant gradient of risk of AAA. For pulse pressure, findings were qualitatively similar but quantitatively weaker (t value 1.82 for men, 1.64 for all). Although there was for women no significant relationship of these 4 BP variables to AAA risk, tests for gender/BP interaction were nonsignificant.
For men and women, current smoking at baseline was strongly related to occurrence of AAA, with HRs significantly larger for women than men (3.57 and 2.26 for 20 cigarettes/d versus none) ( Table 4) . In categoric analyses, HRs were large for current smokers of 1 to 20 cigarettes/d (3.92 for men and 3.91 for women) and for those smoking Ͼ20/d (5.74 and 5.39) compared with never smokers (tabular data not shown). For men and the 2 genders combined, former smokers were also at significantly greater risk of AAA (HRs 2.49 and 2.09); test for gender/variable interaction was nonsignificant.
Serum cholesterol at baseline was positively related to risk of AAA in older age for both men and women, HR 1.39 (PϽ0.001) and 1.22 (PϽ0.02) for 40 mg/dL higher level (about 1 SD higher) ( Table 4) . In categoric analyses, for men and women with serum cholesterol Ն240 mg/dL, compared with those Ͻ200 mg/dL, HRs were 2.56 and 1.46 (tabular data not shown).
Risk of AAA was greater with taller stature and greater weight for men and for both genders combined, with no significant gender/variable interaction (Table 4) . However, overweight, as measured by body mass index (BMI), was not significantly related to AAA risk.
For persons without a diagnosis of diabetes at baseline, 1-hour post-load plasma glucose was significantly related to AAA for men and borderline significantly related for the 2 genders combined, with no significant gender/variable interaction (Table 4) . For women with a history of diabetes, there was a significant association with AAA-HR 2.02 (Table 4) . However, the association was nonsignificantly inverse for men and for the 2 genders combined, and there was significant evidence for gender/diabetes interaction. Major ECG abnormalities related significantly to AAA for men and for the 2 genders combined, with no significant evidence of gender/variable interaction (Table 4) .
African-American women were at greater AAA risk than other women (HR 2.09), but African-American men were at lesser AAA risk than other men, and the test for gender/race interaction was significant (Table 4) .
Relationship of Risk Factors to AAA, Multivariate Analyses
Because most univariate analyses on relationships of major risk factors to AAA showed no significant gender/variable interactions (Table 4) , data on men and women were combined in multivariate Cox analyses, with inclusion of gender as an independent variable (Table 5 ). Findings were consistent across the 5 final Cox models: each blood pressure variable, serum cholesterol, smoking, age, height, and male gender were independently and significantly related to AAA. HRs for serum cholesterol about 1 SD higher (40 mg/dL) were in the range 1.30 to 1.34 (PϽ0.001); for SBP about 1 SD higher (20 mm Hg), 1.10 (PϽ0.05); for DBP 1 SD higher (12 mm Hg), 1.12 to 1.14 (PϽ0.05). A history of drug treatment for hypertension was associated with 87% greater AAA risk. For current smokers overall, use of 20 cigarettes per day was associated with a risk increase of 2.4 to 2.7 times; in categoric models, for current smokers compared with never smokers HR was 5.18; for ex-smokers compared with never smokers HR was 1.41 to 2.01. Risk of AAA was from 2.0 to 2.1 times greater for men than women; 1.64 to 1.67 times greater with age older by 5 years; and 1.17 to 1.19 times greater with height greater by 7 cm (2.8 inches).
Discussion
The main finding of this population-based 30-year prospective study was that the major risk factors of middle-aged men and women-serum cholesterol, blood pressure, history of antihypertensive drug treatment, cigarette smoking-were positively and independently associated with risk for abdominal aortic aneurysm in older age. Major CVD risk factors have been investigated for associations with AAA in many clinical samples. This study is one of the few with populationbased long-term data; its cohort is the largest with the longest follow-up yet reported on AAA. Because of its large sample size and comparatively large number of cases, it was possible to focus on the most common diagnostic group among the Data are presented as coefficient (t value) hazard ratio. For continuous variables each hazard ratio estimate is for a value 1 SD higher (see Table 1 ). Gender-specific analyses are controlled for age (except for the ones on age); analyses for all persons are controlled for age and gender (except for the one on age, controlled for gender only).
*Statistical test for variable x gender interaction was significant (PϽ0.05); for all variables other than the 4 so identified, this test was not statistically significant. †t values for test of trend across 5 JNC-VI strata are as follows: men 2.019; women 1.190; all 2.397. ‡Hazard ratio for current smokers of 20 cigarettes/d vs none. Data are presented as coefficient (t value) hazard ratio. See footnotes for Table 4 . Also in other multivariate Cox analyses, not significantly related to occurrence of AAA in any model: weight, BMI, major ECG abnormality, minor ECG abnormality (or any ECG abnormality), diabetes, education, African-American ethnicity, hence not included in these 5 final models.
risk of any aneurysm, but not glycemia or overweight. 19 In the Honolulu sample, as in ours, there were few deaths attributed to aneurysm; most, 132 of 174 total cases, were identified from surgical reports.
In the Whitehall cohort, 18 403 men were followed for 18 years. In a nested case-control study of 99 men with fatal aneurysm, including 44 with AAA, mortality was significantly associated with cigarette smoking and diastolic BP, but not with glucose, height, BMI, or cholesterol. Other cardiovascular diseases, including angina and claudication at baseline, were not related to risk of fatal aneurysm. 18 Comparatively short follow-up data are available from 3 other studies. 1, [15] [16] [17] The American Cancer Society study of 800 000 volunteers identified 519 cases (431 men and 88 women) and reported that hypertension and smoking were more frequently found among decedents from any aortic aneurysm at 6-year follow-up. 17 In the Edinburgh Artery Study of peripheral vascular disease, 1592 men and women were screened at ages 55 to 74 by ultrasound; 34 cases of AAA were so identified and 6 more were clinically known. Based on a case-control analysis, with major CVD risk factors assessed 5 years earlier, only cigarette smoking was significantly associated with AAA. Persons with AAA had more clinical and subclinical markers of systemic vascular diseases, including peripheral arterial disease, reduced anklebrachial index (ABI), and angina than did controls. 16 In the Cardiovascular Health Study (CHS), ultrasound screening identified 471 people with AAA among 4741 men and women ages 65 to 90 years who had been screened for baseline risk factors 1 to 4 years earlier. Significant associations were found of AAA with age, male gender, smoking, height, weight, treatment for hypertension, low-density lipoprotein cholesterol, and inversely with high-density lipoprotein cholesterol. Clinical CHD (angina, myocardial infarction) and subclinical CVD (decreased ABI, carotid stenosis, and carotid intimal medial thickening) were more common among AAA cases. Neither glycemia nor blood pressure was significantly associated with AAA. 15 During 5-year follow-up, CHS participants with AAA were at higher risk for new CVD events, CVD death, and total mortality than persons with baseline CVD diagnoses other than AAA. 1 This suggested to the authors that small AAA, rarely fatal in themselves, were markers for severity of underlying cardiovascular disease. 1 Data from large cross-sectional studies are consistent with the prospective data, supporting associations of AAA with male gender, age, cigarette smoking, serum cholesterol, and coexisting cardiovascular diseases. 3, 11, 31 A study of over 75 000 veterans ages 50 to 79 years identified 1031 AAA by ultrasound and reported associations with stature, serum cholesterol, and hypertension. A family history of aneurysm, reported by 5% of these veterans, was associated with a nearly 2-fold greater odds ratio. Diabetes and AfricanAmerican race were inversely associated with prevalent AAA. 3 Other cross-sectional studies also found inverse or no associations of AAA with diabetes and glycemia 4, 9, 32 or with African-American race. 3, 4 Thus, neither prospective nor cross-sectional studies strongly support an association of diabetes and AAA, in contrast to studies showing diabetes to be a risk factor for other CVD, including coronary and peripheral arterial disease and stroke. This may represent type I error and/or the impact of competing CVD mortality among diabetics. Also, the deleterious effect of diabetes on medium and small arteries may be clinically unimportant for AAA given the large caliber of the aorta.
As to major, minor, and total ECG abnormalities at baseline, generally regarded as indicative of subclinical CVD and present in 18% of CHA participants at baseline, only major ECG abnormalities in men and in the 2 genders combined related significantly to AAA in univariate analyses, but not in multivariate analyses. On the other hand, the 30-year follow-up data show an association of AAA with CHD, stroke, and PVD, as well as COPD. Other studies, including the CHS, have reported a higher likelihood of other CVD among aneurysm patients. 1, 6, 8, 31 Studies of children and young adults found associations of aortic (as well as coronary) plaque with lipid and glucose abnormalities, hypertension, and smoking. [33] [34] [35] [36] It is not known whether such aortic lesions observed in youth are precursors of adult aneurysms.
A limitation of the present study is that Medicare records and search of death certificates were used to identify clinical AAA cases. An aneurysm so detected could have been symptomatic, ie, the reason for the medical encounter, or a finding during medical evaluation of other conditions, eg, a CT scan for abdominal pain. Period prevalence of AAA for the CHA cohort of 0.9% based on medical records seems low when compared with rates of up to 5% reported in community sample surveys 5,9,10,11,37,38 and over 10% for CHS participants. 15 Differences in prevalence across these studies are probably due at least in part to variation in measurement methods and definition of aortic dilation. Thus, one limitation of our study is ascertainment bias, ie, missing of cases. Also, the association of AAA with other comorbidity may be exaggerated, in that sick older people are likely to undergo more diagnostic procedures than well older people and are therefore more likely to have any clinically silent disease detected. Another source of ascertainment bias was baseline age, because older people had longer follow-up in the Medicare database. The Cox method corrects for this bias at least in part by using person-years of observation as the basis for calculating rates.
Aneurysm mortality was low in the CHA cohort, and most cases were identified from Medicare records. Studies relying only on mortality will substantially underestimate occurrence of AAA. 19 Our Medicare cases probably represent a mixture of clinically significant and small aneurysms. It is difficult, given the coding procedure, to distinguish them. We have no data on nonfatal aneurysms before age 65 unless the diagnosis was carried forward into Medicare records of survivors. However, the cases we analyzed likely reflect the spectrum of clinically detected disease in the Medicare age group.
Medicare data are a reasonably unbiased source of cases because about 96% of eligible men and women ages 65 and older participate in Medicare. 39 Only the records for 1984 -2000 were available to us; lifetime occurrence of AAA and of other CVD are bound to be higher with longer follow-up.
Conclusions
The 30-year prospective CHA data demonstrate strong associations of major CVD risk factors measured in middle age to diagnosis of clinical AAA in older age. Our findings are generally consistent with those from other population studies. Other CVD comorbidity was common among AAA cases. These data add further support to the concept that prevention of AAA morbidity and mortality may be possible through population prevention and control of known major CVD risk factors.
Perspectives
Extensive data are now available demonstrating that, for both women and men, favorable levels of all major risk factors in young adulthood and middle age-serum total cholesterol Ͻ200 mg/dL, SBP/DBP Յ120/Յ80 mm Hg, no current smoking, and no history of diabetes or heart attack-lead to low rates (endemic, not epidemic) of CHD, stroke, and all CVD in older age, as well as sizably increased longevity. 40 It is a reasonable inference from the findings of the present study that such people at low CHD-CVD risk are also at low risk for clinical abdominal aortic aneurysm. At present, a small minority of young adult and middle-aged men and women are at such low risk. Appropriately then, current strategic priorities for CHD-CVD prevention emphasize efforts by medical care and public health to increase the proportions of low-risk individuals throughout the population. The data here suggest that success in these efforts will also markedly reduce abdominal aortic aneurysm as a major clinical problem for older people. This is yet another important reason to underscore the importance of preventing and controlling all the major risk factors.
